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Crocodylomorph	body	size	vs.	time	 0.0000	 0.0910	 -1.1099	 -9008.145	 0.9698	
Terrestrial	body	size	vs.	time	 0.0000	 0.2737	 -0.8362	 -765.0619	 0.9750	
Marine	body	size	vs.	time	 0.0005	 0.1415	 -0.8799	 -795.4437	 0.9206	
Freshwater	body	size	vs.	time	 0.0000	 0.0499	 -0.4986	 -4494.977	 0.9288	
Crocodylomorph	body	size	vs.	temperature	 0.0125	 0.0091	 0.0067	 -2465.742	 0.9845	
Terrestrial	body	size	vs.	temperature	 0.0045	 0.0768	 0.0235	 -224.2608	 0.9346	
Marine	body	size	vs.	temperature	 0.0007	 0.1008	 0.0299	 -269.3592	 0.9808	
















Crocodylomorpha	 -804.918	 -804.924	 -781.314	 -676.779	 -678.145	 2.718	 18.51	
Mesoeucrocodylia	 -733.127	 -732.96	 -732.827	 -640.445	 -639.355	 1.566	 19.394	
Neosuchia	 -611.676	 -610.795	 -612.873	 -537.512	 -536.21	 1.235	 20.673	
Eusuchia	 -457.919	 -457.921	 -427.588	 -330.719	 -337.804	 2.717	 20.669	
Freshwater	 -472.871	 -472.873	 -458.374	 -399.434	 -399.529	 2.464	 19.972	
Marine	 -128.24	 -127.626	 -127.534	 -125.078	 -124.199	 0.697	 24.228	






OU	 EB	 Trend	 Stasis	
Crocodylomorpha	 0	 1	 0	 0	
Mesoeucrocodylia	 0	 0.563	 0.438	 0	
Neosuchia	 0	 0.184	 1	 0	
Eusuchia	 0	 1	 0	 0	
Freshwater	 0	 1	 0	 0	
Marine	 0.004	 0.268	 0.235	 0.012	



















































Crocodylomorph	PIC	vs.	time	 0.0001	 0.0974	 2.6003	 -909.9252	 0.9439	
Terrestrial	crocodylomorph	PIC	vs.	time	 0.1277	 0.1015	 3.3540	 -103.8638	 0.9566	
Marine	crocodylomorph	PIC	vs.	time	 0.4744	 0.0268	 1.7639	 -148.5941	 0.8179	
Freshwater	crocodylomorph	PIC	vs.	time	 0.0011	 0.1188	 1.7631	 -504.9853	 0.8929	
Crocodylomorph	PIC	vs.	temperature	 0.0002	 0.1004	 0.0444	 -217.7846	 0.9721	
Terrestrial	crocodylomorph	PIC	vs.	temperature	 0.1339	 0.1524	 0.2007	 -26.5066	 0.8933	
Marine	crocodylomorph	PIC	vs.	temperature	 0.7100	 0.0106	 -0.0058	 -43.8693	 0.8998	






















Crocodylomorph	evolutionary	rate	vs.	time	 0.000	 0.034	 0.084	 -9059.751	 0.954	
Terrestrial	crocodylomorph	evolutionary	
rate	vs.	time	 0.000	 0.090	 0.632	 -786.935	 0.963	
Marine	crocodylomorph	evolutionary	rate	
vs.	time	 0.003	 0.158	 0.152	 -792.040	 0.836	
Freshwater	crocodylomorph	evolutionary	
rate	vs.	time	 0.003	 0.030	 0.042	 -4504.570	 0.909	
Crocodylomorph	evolutionary	rate	vs.	
temperature	 0.003	 0.012	 0.001	 -2463.453	 0.984	
Terrestrial	crocodylomorph	evolutionary	
rate	vs.	temperature	 0.038	 0.042	 0.023	 -227.858	 0.924	
Marine	crocodylomorph	evolutionary	rate	
vs.	temperature	 0.000	 0.186	 0.007	 -260.736	 0.972	
Freshwater	crocodylomorph	evolutionary	
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































		 croc	 terrestrial	 marine	 freshwater	
Disparity	 3.10E-02	 2.48E-03	 9.20E-06	 3.53E-04	
Productivity	 4.06E-06	 3.11E-06	 8.16E-09	 6.08E-09	
Temperature	 1.89E-01	 2.46E-02	 2.38E-01	 1.54E-01	
Sea	level	 5.55E-02	 6.92E-01	 2.39E-04	 1.60E-01	
Preservation	 1.83E-09	 3.56E-03	 9.20E-05	 4.06E-04	
Plesiosaur	diversity	 1.99E-02	 1.20E-04	 2.07E-07	 3.40E-05	
Dinosaur	diversity	 1.41E-04	 1.93E-02	 3.19E-08	 3.51E-05	
Multivariate	 3.23E-03	 5.47E-01	 2.19E-02	 1.13E-01	
p.	Value	
Disparity	 2.72E-09	 1.07E-05	 3.99E-02	 3.42E-32	
Productivity	 9.35E-01	 1.74E-02	 6.64E-05	 9.51E-02	
Temperature	 7.94E-03	 7.34E-01	 3.64E-01	 3.80E-02	
Sea	level	 1.03E-14	 8.18E-01	 2.52E-06	 1.64E-08	
Preservation	 9.84E-28	 2.33E-01	 7.58E-15	 1.14E-17	
Plesiosaur	diversity	 2.18E-14	 1.00E-07	 7.69E-18	 9.69E-08	
Dinosaur	diversity	 1.32E-32	 1.94E-02	 9.17E-17	 1.78E-22	
Multivariate	 2.37E-02	 2.10E-02	 3.67E-02	 6.50E-03	
R-squared	
Disparity	 2.00E-01	 3.24E-01	 3.39E-02	 6.48E-01	
Productivity	 4.73E-05	 1.12E-01	 1.26E-01	 2.13E-02	
Temperature	 4.86E-02	 3.23E-03	 7.78E-03	 3.63E-02	
Sea	level	 6.10E-01	 1.07E-03	 2.94E-01	 3.95E-01	
Preservation	 5.28E-01	 2.83E-02	 3.89E-01	 4.22E-01	
Plesiosaur	diversity	 3.38E-01	 5.82E-01	 5.04E-01	 2.17E-01	
Dinosaur	diversity	 5.90E-01	 1.04E-01	 4.31E-01	 5.10E-01	
Multivariate	 7.47E-01	 9.45E-01	 8.98E-01	 5.41E-01	
Log-
likelihood	
Disparity	 -1.11E+03	 -4.12E+02	 -9.95E+02	 -9.98E+02	
Productivity	 -2.24E+02	 -6.19E+01	 -1.84E+02	 -2.04E+02	
Temperature	 -1.90E+02	 -5.27E+01	 -1.52E+02	 -1.64E+02	
Sea	level	 -3.46E+02	 -2.81E+02	 -3.66E+02	 -3.61E+02	
Preservation	 -5.74E+02	 -1.16E+02	 -4.20E+02	 -4.57E+02	
Plesiosaur	diversity	 -3.02E+02	 -1.61E+01	 -2.18E+02	 -2.66E+02	
Dinosaur	diversity	 -8.05E+02	 -1.60E+02	 -6.44E+02	 -6.90E+02	














































		 croc	 terrestrial	 freshwater	
Disparity	 1.06E-03	 1.07E-02	 5.19E-02	
Productivity	 5.72E-01	 1.95E-02	 4.48E-01	
Temperature	 5.37E-02	 1.95E-01	 1.86E-02	
Sea	level	 2.94E-02	 2.19E-02	 1.31E-02	
Preservation	 2.42E-01	 1.99E-01	 3.56E-01	
Plesiosaur	diversity	 N/A	 N/A	 N/A	
Dinosaur	diversity	 N/A	 N/A	 N/A	
multivar	 9.57E-01	 8.29E-07	 7.54E-02	
p.	Value	
Disparity	 2.50E-15	 1.42E-06	 7.92E-13	
Productivity	 3.78E-07	 2.62E-02	 3.83E-06	
Temperature	 8.03E-12	 1.20E-06	 9.70E-08	
Sea	level	 1.65E-09	 4.09E-05	 2.05E-07	
Preservation	 4.74E-07	 4.40E-02	 5.50E-08	
Plesiosaur	diversity	 N/A	 N/A	 N/A	
Dinosaur	diversity	 N/A	 N/A	 N/A	
multivar	 2.04E-08	 6.76E-05	 4.17E-08	
R-squared	
Disparity	 6.27E-01	 3.58E-01	 5.54E-01	
Productivity	 3.34E-01	 8.98E-02	 2.85E-01	
Temperature	 5.21E-01	 3.62E-01	 3.61E-01	
Sea	level	 4.36E-01	 2.74E-01	 3.46E-01	
Preservation	 3.29E-01	 7.44E-02	 3.72E-01	
Plesiosaur	diversity	 N/A	 N/A	 N/A	
Dinosaur	diversity	 N/A	 N/A	 N/A	
multivar	 8.28E-01	 6.07E-01	 7.32E-01	
Log-
likelihood	
Disparity	 -4.80E+02	 -4.33E+02	 -4.79E+02	
Productivity	 -3.85E+01	 -3.23E+01	 -4.08E+01	
Temperature	 -7.74E+01	 -6.24E+01	 -8.69E+01	
Sea	level	 -3.58E+02	 -2.87E+02	 -3.63E+02	
Preservation	 -2.12E+02	 -1.80E+02	 -2.10E+02	
Plesiosaur	diversity	 N/A	 N/A	 N/A	
Dinosaur	diversity	 N/A	 N/A	 N/A	















































		 croc	 terrestrial	 marine	 freshwater	
Diversity	 1.24E-04	 2.78E-03	 5.12E-11	 5.46E-02	
Productivity	 5.37E-06	 3.34E-01	 2.40E-07	 4.59E-08	
Temperature	 3.91E-01	 1.94E-04	 2.11E-01	 2.53E-01	
Sea	level	 2.96E-06	 3.03E-02	 7.75E-02	 2.36E-03	
Preservation	 1.64E-09	 1.46E-03	 7.50E-03	 5.82E-05	
Plesiosaur	diversity	 2.84E-02	 7.00E-02	 6.69E-05	 9.78E-05	
Dinosaur	diversity	 2.92E-02	 1.79E-02	 2.68E-02	 6.90E-06	
multivar	 1.49E-02	 4.59E-01	 2.53E-01	 3.87E-01	
p.	Value	
Diversity	 2.72E-09	 1.07E-05	 3.99E-02	 3.42E-32	
Productivity	 7.49E-01	 3.36E-07	 8.61E-02	 1.38E-01	
Temperature	 1.05E-01	 4.89E-03	 5.65E-05	 8.41E-02	
Sea	level	 1.23E-03	 1.86E-03	 5.54E-09	 8.43E-13	
Preservation	 6.16E-03	 5.99E-03	 4.34E-16	 2.43E-39	
Plesiosaur	diversity	 6.43E-11	 2.26E-02	 6.99E-08	 1.48E-10	
Dinosaur	diversity	 1.25E-18	 2.26E-02	 3.68E-15	 4.89E-30	
multivar	 1.04E-01	 8.94E-02	 3.67E-02	 1.06E-01	
R-squared	
Diversity	 2.00E-01	 3.24E-01	 3.39E-02	 6.48E-01	
Productivity	 7.29E-04	 4.22E-01	 2.46E-02	 1.69E-02	
Temperature	 1.84E-02	 2.00E-01	 1.42E-01	 2.53E-02	
Sea	level	 1.52E-01	 1.78E-01	 4.14E-01	 5.53E-01	
Preservation	 4.62E-02	 1.41E-01	 4.17E-01	 7.25E-01	
Plesiosaur	diversity	 2.60E-01	 1.48E-01	 2.41E-01	 2.97E-01	
Dinosaur	diversity	 3.87E-01	 9.97E-02	 3.96E-01	 6.21E-01	
multivar	 4.13E-01	 7.87E-01	 5.88E-01	 8.28E-01	
Log-
likelihood	
Diversity	 -7.08E+02	 -9.69E+01	 -3.88E+02	 -4.44E+02	
Productivity	 -2.24E+02	 -5.12E+01	 -1.90E+02	 -2.04E+02	
Temperature	 -1.92E+02	 -4.85E+01	 -1.44E+02	 -1.64E+02	
Sea	level	 -3.72E+02	 -2.76E+02	 -3.60E+02	 -3.51E+02	
Preservation	 -6.31E+02	 -1.13E+02	 -4.17E+02	 -4.07E+02	
Plesiosaur	diversity	 -3.10E+02	 -2.85E+01	 -2.41E+02	 -2.59E+02	
Dinosaur	diversity	 -8.37E+02	 -1.60E+02	 -6.48E+02	 -6.72E+02	














































		 croc	 terrestrial	 freshwater	
Diversity	 4.38E-02	 7.83E-05	 2.65E-01	
Productivity	 3.21E-02	 1.95E-02	 5.88E-01	
Temperature	 6.20E-01	 4.29E-02	 7.98E-02	
Sea	level	 1.31E-02	 1.49E-02	 6.32E-01	
Preservation	 3.59E-02	 7.21E-02	 3.29E-01	
Plesiosaur	diversity	 N/A	 N/A	 N/A	
Dinosaur	diversity	 N/A	 N/A	 N/A	
multivar	 1.04E-03	 3.60E-01	 1.93E-05	
p.	Value	
Diversity	 2.50E-15	 1.42E-06	 7.92E-13	
Productivity	 2.61E-07	 2.62E-02	 3.36E-08	
Temperature	 1.62E-26	 4.72E-10	 1.04E-23	
Sea	level	 1.63E-18	 2.01E-05	 5.58E-13	
Preservation	 1.28E-04	 4.83E-01	 1.14E-02	
Plesiosaur	diversity	 N/A	 N/A	 N/A	
Dinosaur	diversity	 N/A	 N/A	 N/A	
multivar	 7.83E-04	 4.41E-02	 1.78E-07	
R-squared	
Diversity	 6.27E-01	 3.58E-01	 5.54E-01	
Productivity	 3.41E-01	 8.98E-02	 3.81E-01	
Temperature	 8.32E-01	 5.22E-01	 7.95E-01	
Sea	level	 7.03E-01	 2.93E-01	 5.59E-01	
Preservation	 2.06E-01	 9.34E-03	 9.60E-02	
Plesiosaur	diversity	 N/A	 N/A	 N/A	
Dinosaur	diversity	 N/A	 N/A	 N/A	
multivar	 8.19E-01	 6.70E-01	 1.00E+00	
Log-
likelihood	
Diversity	 -2.09E+02	 -1.44E+02	 -2.02E+02	
Productivity	 -3.81E+01	 -3.23E+01	 -3.61E+01	
Temperature	 -4.27E+01	 -5.44E+01	 -4.94E+01	
Sea	level	 -3.37E+02	 -2.87E+02	 -3.50E+02	
Preservation	 -2.18E+02	 -1.82E+02	 -2.22E+02	
Plesiosaur	diversity	 N/A	 N/A	 N/A	
Dinosaur	diversity	 N/A	 N/A	 N/A	





































































































































































































































































































































































































Chapter 5: Conclusions 
 
 
Research outcomes detailed over Chapters 2-4 present tentative answers to the 





The matrix representation parsimony method is certainly capable of estimating 
accurate supertrees. However, it is also prone to producing highly inaccurate trees 
within a tree sample. Therefore, it is adviseable that samples of MRP supertrees be 
evaluated using source-tree or character data. Supermatrix approaches remain a major 
undertaking that may be impractical for individual researchers. Due to the 
accumulation of inapplicable characters and and loss of information through 
taphonomy and diagenesis, the volume of missing data in supermatrices is likely to be 
very high. Source matrices are seldom comprehensive in their coverage of fossil 
morphology, with specimens being encoded to different character schemes. As a 
result, morphological data observable in fossils may not be recorded in the literature. 
Assembling a supermatrix to a high standard is more achievable through review of 
fossil specimens than scraping data from the literature. However, tiling source 
matrices to estimate crude supermatrices can perform surprisingly well when analysed 
using parsimony. Due to the volume of redundant characters, the accuracy of trees 
returned by such analyses is likely to be lower than a supermatrix assembled from 
observations of fossils. In spite of this, simple source matrix-based supermatrices 
overall outperform the MRP method in summarising source tree topology. 
Supertree and supermatrix approaches identify a broad consensus on the 
topology of crocodylomorph phylogeny. The Sphenosuchia lie outside the 
Crocodyliformes. The Crocodyliformes are monophyletic, including a paraphyletic 
grade of protosuchians and a monophyletic Mesoeucrocodylia. The analyses disagree 
on the position of the Peirosauridae, with the supertree placing them close to the 
Neosuchia, but the supermatrix tree affiliating them with the Notosuchia. The 
Neosuchia includes a monophyletic clade including the Tethysuchia and 
Thalattosuchia, and a monophyletic clade including the Goniopholididae and 
	 156	
Eusuchia. Neither supertree nor supermatrix analyses recover the crown-group 
topology predicted by phylogenetic analyses of molecular data. Due to the many 
advantages of molecular data, it is likely that this is due to poor morphological 
character choice. It is therefore advisable for future phylogenetic analyses of crown-





It is likely that Bayesian methods represent an improvement on more traditional 
parsimony-based phylogenetic and supertree methods. However, in real-world 
situations, there are practical limitations to these methods. Baysian supertree 
approaches are known to perform well with large datasets, however in the example 
presented here convergence was not achieved in a practical time-scale. A high degree 
of source tree incongruence is a possible contributing factor. Similarly, Bayesian 
implementation of the Lewis MK model could not reach convergence when analysing 
the supermatrix, even with the inclusion of a start tree parameter. Both the size of the 




Rates of crocodylomorph body size evolution increased over time, therefore they do 
not satisfy the definition of bradytely. The crocodylomorph fossil record is relatively 
good, with examples known throughout the Mesozoic and Cenozoic eras, so they do 
not qualify as Lazarus taxa. They follow an extremely conservative model of body 
size evolution, with many clades showing evolutionary stasis. However, rates of 
evolution among extant examples is not uncommonly low, meaning they do not 
satisfy the definition of living fossils according to Herrera et al. (2016). Therefore, 
there are not sufficient grounds to consider extant crocodylomorphs as living fossils. 
The perception of crocodylomorphs as living fossils is likely a reflection of their low 







There is not sufficient evidence from the analyses presented here to evaluate 
the extent of biotic interactions in the evolution of the Crocodylomorpha. There are 
strong relationships between the diversity and disparity of the Crocodylomorpha with 
the diversity of other reptile groups in the Mesozoic, but these relationships could be 
attributed to a common cause, preservation or sampling. Biotic interactions, such as 
predator-prey arms races, sexual selection and competition, may have driven 
crocodylomorph evolution to a degree, but the extent of this is not clear.  
There are multiple lines of evidence that support environmental change as a 
driver of Crocodylomorph evolution. Temperature variation outperforms time as a 
predictor of body size evolutionary rates. Therefore, increase in crocodylomorph body 
size through time is better attributed to temperature than as an example of Cope’s 
rule. Phylogenetic models of crocodylomorph body size evolution show some support 
for an Ornstein-Uhlenbeck model, indicating the presence of external factors. 
Temperature and sea level both interact with diversity and disparity through time. 
Temperature decline appears to have been a key factor in the loss of crocodylomorph 
diversity in the Cenozoic, with diversity being lost in periods of cooling and 
recovering in periods of stability. In addition, major shifts in diversity and disparity 
occur coincident with extinction events. Further, rates of character evolution are 
heterogeneous, with generally low rates being periodically interrupted by increased 
rates. Therefore, crocodylomorph macroevolution does conform with a court-jester 




Phylogenetic models of body size evolution suggest that crocodylomorph 
diversification is highly conservative, commonly adhering to a stasis model. Analysis 
of within-branch evolutionary rates favour a heterogenous rates model, with the 
average rate increasing over time. When evolutionary rate is measured using 
phylogenetically independent contrasts, temperature serves as a better predictor than 





The diversity and morphological disparity of the Crocodylomorpha and its subclades 
are coupled. This contrasts with analyses of other clades that commonly find disparity 
to increase ahead of diversity. This may be a reflection of the extremely conservative 
evolution of crocodylomorph morphology, with morphological change remaining 
relatively constant, accumulating over time with increased diversity. There may be 
short periods of decoupling during the decline of the Crocodylomorpha through the 
Cenozoic, with disparity remaining stable while diversity declines. This suggests that 
morphology was not a factor in the decline of Crocodylomorph diversity.  
 
Implications for the Crocodylomorpha in the 21st century 
 
Anthropogenic climate change remains a major threat to current biodiversity. From 
the fossil record it is apparent that the survival of crocodylomorph taxa is governed by 
rates of cooling, with greater diversity being associated with periods of warming. This 
might imply that the crocodilians may be relatively unaffected by increased 
temperatures due to the greenhouse effect, however this interpretation would be a 
complacent oversimplification. Anthropogeneic climate change is advancing at a far 
greater rate than any climate changes the crocodylomorphs have endured in the past. 
The sensitivity of crocodylomorph diversity to environmental change is of greater 
significance than specific interactions between diversity and temperature, since 
interactions between crocodylomorph diversity and climate may be more complex. 
A negative relationship between crocodylomorph body size and temperature 
suggests anthropogenic climate change may result in a decrease in crocodilian body 
size. Body size is a key factor in prey selection among living crocodiles (Cott 1961). 
Therefore, climate change may cause an ecosystem-wide shift in predation pressure, 
potentially causing long-term damage to entire food webs and threatening 
biodiversity. 
 If the diversity of the Crocodylomorpha is defined by temperature, 
anthropogenic climate change may enable extant examples to become invasive 
species. They may outcompete native predators, or exhaust the supply of prey in some 
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areas, further threatening biodiversity. Changes in the geography of crocodylomorph 
populations may bring them in to conflict with humans. Extant crocodylomorphs are 
dangerous and responsible for hundreds of attacks on humans and livestock 
(CrocBITE). Conflict with humans will also adversely affect crocodylomorphs. For 
example, the Indian gharial is listed as critically endangered by the International 
Union for Conservation of Nature (IUCN) Red List (icunredlist.org). The gharial is 
threatened by human activities such as sand mining, livestock, civil engineering 
projects and fishing practices (Gharial Conservation Alliance).  
The conservation of extant crocodylomorphs is of particular concern. The low 
diversity and ancient origins of the extant crocodylomorphs lend them great 
phylogenetic uniqueness compared to most vertebrates. Therefore, they represent a 
greater extant diversity per taxon than other groups. The total biodiversity of life 
following an anthropogeneic mass extinction will be severely diminished if 




Meta-analytical approaches to phylogeny using morphological data are in need of 
improvement. Taxon incompleteness and inapplicable characters are an inescapable 
reality of working with large fossil data sets. Principal coordinates analysis may offer 
a means to improve the completeness and data independence of character matrices. 
However, the availability of methods to formulate phylogenetic hypotheses from 
continuous eigenvalues is limited. 
 Since supermatrix completeness presents an obstacle to Bayesian 
implementation of the Lewis MK model, supertree approaches may be an effective 
means of incorporating Bayesian approaches into large-scale phylogenetic analyses. If 
Bayesian analyses are more accurate than parsimony approaches, source trees re-
analysed using Bayesian methods may be expected to be more congruent than those 
analysed using parsimony. In turn this greater congruence may make implementation 
of the Bayesian supetree approach more feasible.  
Diagnosing discrete morphological characters can be subjective, and finding 
sufficient morphology to distinguish two species can be difficult. Estimating 
continuous shape metrics using geometric morphometrics may present a means to 
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improving the consistency and completeness of morphological data, while also 
eliminating subjectivity. Molecular analyses of living taxa may offer a way to vet the 
suitability of morphological characters through testing for phylogenetic signal. A set 
of guidelines could then be applied to character matrices of extinct taxa, potentially 
increasing the resolution of consensus trees. 
 The relationship between crocodylomorph diversification and evolution with 
temperature merits better understanding. Temperature may affect crocodylomorphs 
directly, but also indirectly through other variables such as precipitation and seasonal 
fluctuations. The utility of time-series data may be limited in resolving a model of 
what is likely a complicated network of interactions. Geographic information systems 
(GIS) and spatial statistical approaches such as ecological niche modelling (ENM) 
may present a more comprehensive solution to understanding the impact of climate 
change on crocodylomorph diversity. 
 The analyses presented here find strong support for a court jester-like model 
of crocodylomorph evolution, where both diversification and evolutionary rate are 
driven by environmental change. While this may be the dominant driving factor, 
biological interactions such as competition, parasitism and predation pressure will 
probably have some effect. Advances in ecosystem and food web modelling (Aydin et 
al. 2007, Legagneux et al. 2012) may offer a means to test the suitability of the red 
queen hypothesis as a model of crocodylomorph evolution. 
 The independence of non-neosuchian diversity from temperature raises 
questions about the physiology of basal crocodylomorphs, and the possibility of 
secondary ectothermy in neosuchians. Reconstructing the evolution of metabolic rates 
presents itself as a worthy topic for further investigation. Bone histology and 
comparative anatomical approaches could be employed to generate a dataset of 
characters correlated with physiology. The acquisition of these characters could be 
estimated using an ancestral state reconstruction. This approach may reveal what 
factors initiated the evolution and secondary loss of endothermy, and how many times 
endothermy has emerged among amniote taxa. Further, it may resolve whether the 
evolution of endothermy was a discrete event, or a gradual shift. 
 The rapid increase in rates of body size evolution among the basal 
Alligatoridae is an anomaly. Similarly there is a very rapid increase in eusuchian 
diversity after global temperatures stabilised in the Miocene. Comparative 
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phylogenetic approaches may offer insight into possible adaptive radiations in crown-
group Crocodylomorpha during the Palaeogene.  
 The effect of Cenozoic climate change on the macroevolution of vertebrates is 
a topic in need of further study. Anthropogenic climate change gives this subject 
greater urgency. Cenozoic climate change is the most accessible analogue for 
anthropogenic climate change in terms of available rock and fossil records. Cenozoic 
fossil ecosystems are easier to reconstruct than older examples, since their constituent 
taxa are closely related to extant species. The impact of Cenozoic climate change on 
endotherms such as mammals would be of specific interest, since vertebrate 
macroevolution so far has commonly focused on ectotherms and extinct clades with 
an uncertain physiology. Further, the loss of many megafauna since the Pliocene may 
perhaps be attributed to interactions between body size evolution and climate change. 
Definitively testing for changes in morphology, disparity and diversity with 
environmental data is only possible through analysis of morphological data from 
fossils. This highlights the importance of fossil palaeontology to evolutionary 
biology, climate science and conservation, and cannot be replaced with biomolecular 
approaches. 
 Decoupling of diversity and disparity is difficult to diagnose. Currently 
qualitative observations of time-series distributions are the most effective way. 
Developing new comparative phylogenetic approaches to test for diversity- or 
disparity-first models would represent a significant improvement. The occurrence of 
decoupling between diversity and disparity warrants further study. Decoupling of 
diversity and disparity may vary according to physiology, reproductive strategy or 
ecology. Similarly the degree of decoupling may be subject to biological interactions 
or extrinsic environmental changes, similar to diversification under the red queen or 






Adams, T. L. 2013. A new neosuchian crocodyliform from the Lower Cretaceous (late 
Aptian) Twin Mountains Formation of North-Central Texas. Journal of Vertebrate 
Paleontology, 33, 85-10. 
 
Adams, T. L. 2014. Small crocodyliform from the lower Cretaceous (Late Aptian) of 
central Texas and it's systematic relationship to the evolution of the Eusuchia. Journal 
of Paleontology, 85, 1013-1049. 
 
Aguilera, O. A., Riff, D., & Bocquentin-Villanueva, J. 2006. A new giant 
Purussaurus (Crocodyliformes, Alligatoridae) from the upper Miocene Urumaco 
formation, Venezuela. Journal of Systematic Palaeontology, 4, 221-232. 
 
Akanni, W. A., Creevey, C.J., Wilkinson, M. & Pisani, D. 2014: L.U.St: a tool for 
approximated maximum likelihood supertree reconstruction. BMC Bioinformatics, 15, 
183. 
 
Akanni, W. A., Wilkinson, M., Creevey, C. J., Foster, P. G. & Pisani, D. 2015. 
Implementing and testing Bayesian and maximum-likelihood supertree methods in 
phylogenetics. Open Science, 2, e140436. 
 
Alroy, J. 2010. The shifting balance of diversity among major marine animal groups. 
Science, 329, 1191-1194. 
 
Alroy, J. 2014. Accurate and precise estimates of origination and extinction rates. 
Palaeontology, 40, 3784-397. 
 
Andrade, M. B. & Bertini, R. J. 2008. Morphological and anatomical observations 
about Mariliasuchus amarali and Notosuchus terrestris (Mesoeucrocodylia) and their 
relationship with other south American notosuchian. Arquivos do Museu Nacional, Rio 
de Janeiro, 66, 5-62. 
 
	 164	
Andrade, M. B., Edmonds, R., Benton, M. J. & Schouten, R. 2011. A new 
Berriasian species of Goniopholis (Mesoeucrocodylia, Neosuchia) from England, and a 
review of the genus. Zoological Journal of the Linnean Society, 163, 66-108. 
 
Andrade, M. B., Edmonds, R., Benton, M. J., & Schouten, R. 2011. A new 
Berriasian species of Goniopholis (Mesoeucrocodylia, Neosuchia) from England, and a 
review of the genus. Zoological Journal of the Linnean Society, 163, 66-108. 
 
Aydin, K., Gaichas, S., Oritz, I., Kinzey, D. & Friday, N. 2007. A comparison of the 
Bering Sea, Gulf of Alaska, and Aleutian Islands large marine ecosystems through food 
web modelling. NOAA Technical Memorandum, U.S. Department of Commerce. 
 
Barnosky, A. D. 1999. Does evolution dance to the Red Queen or the Court Jester? 
Journal of Vertebrate Paleontology, 19, 31. 
 
Baum, B. R. 1992. Combining trees as a way of combining data sets for phylogenetic 
inference, and the desirability of combining gene trees. Taxon, 41, 3-10. 
 
Behrensmeyer, A. K. & Kidwell, S. M., 1985. Taphonomy’s contributions to 
paleobiology. Paleobiology, 11, 105-199. 
 
Bell, M. A. & Lloyd, G. T. 2015. strap: an R package for plotting phylogenies against 
stratigraphy and assessing their stratigraphic congruence. Palaeontology, 58, 379-389. 
 
Benson, R. B. J. Mannion, P. D., Butler, R. J., Upchurch, P., Goswami, A. & 
Evans, S. E. 2013. Cretaceous tetrapod fossil record sampling and faunal turnover: 
Implications for biogeography and the rise of modern clades. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 372, 88-107. 
 
Benson, R. B. J., Butler, R. J., Lindgren, J. & Smith. A. S. 2009. Mesozoic marine 
tetrapod diversity: mass extinctions and temporal heterogeneity in geological 
megabiases affect vertebrates. Proceedings of the Royal Society B, rspb20091845. 
 
	 165	
Benson, R. B. J., Campione, N. E., Carrano, M. T., Mannion, P. D., Sullivan, C., 
Upchurch, P., & Evans, D. C. 2014. Rates of dinosaur body mass evolution indicate 
170 million years of sustained ecological innovation on the avian stem lineage. PLoS 
Biology, 12, e1001853. 
 
Benson, R. B. J., Evans, M. & Druckenmiller, P. S. 2012. High diversity, low 
disparity and a small body size in plesiosaurs (Reptilia, Sauropterygia) from the 
Triassic-Jurassic boundary. PLoS One, 7, e31838. 
 
Benson, R., B., J. & Butler, R. J. 2011. Uncovering the diversification history of 
marine tetrapods: ecology influences the effect of geological sampling biases. 
Geological Society of Londong Special Publication, 358, 191-208. 
 
Benton, M. J. & Clark, J. M. 1988. Archosaur phylogeny and the relationships of the 
Crocodylia. The phylogeny and classification of the tetrapods, 1, 295-338. 
Benton, M. J. 2015. Palaeodiversity and formation counts: redundancy of Bias? 
Palaeontology, 58, 1003-1029. 
 
Benton, M. J., Donoghue, P. C. J., Asher, R. J., Friedman, M., Near, T. J., & 
Vinther, J. 2015. Constraints on the timescale of animal evolutionary history, 
Palaeontologia Electronica, 18.1.1, 1-107. 
 
Benton, M. J., Forth, J. & Langer, M. C. 2014. Models for the rise of the dinosaurs. 
Current Biology, 24, R87-R95. 
 
Bininda-Edmons, O. R. P., Jones, K. E., Price, S. A., Grenyr, R., Cardillo, M., 
Habib, M., Purvis, A. & Gittleman, J. L. 2003. Supertrees are a necessary not-so-
evil: a comment on Gatesy et al. Systematic Biology, 52, 724-729. 
 
Böhme, M. 2003. The Miocene climatic optimum: evidence from ectothermic 




Buscalioni, A. D., Piras, P., Vullo, R., Signore, M. and Barbera, C. 2011. Early 
Eusuchia Crocodylomorpha from the vertebrate-rich Plattenkalk of Pietraroia (Lower 
Albian, southern Apennines, Italy). Zoological Journal of the Linnean Society, 163, 
S199-S227. 
 
Butler, R. J., Sullivan, C., Ezcurra, M. D., Liu, J., Lecuona, A. and Sookias, R. B. 
2014. New clade of enigmatic early archosaurs yields insights into early pseudosuchian 
phylogeny and the biogeography of the archosaur radiation. BMC Evolutionary 
Biology, 14, 1-16. 
 
Briggs, D. E. G., Fortey, R. A. & Wills, M. A. 1992. Morphological disparity in the 
Cambrian. Science, 256, 1670-1673. 
 
Brochu, C. A. 2001. Crocodylian snouts in space and time: phylogenetic approaches 
toward adaptive radiation. American Zoologist, 41, 564-585. 
 
Brochu, C. A. 2003. Phylogenetic approaches toward crocodylian history. Annual 
Review of Earth and Planetary Sciences, 31, 357- 397. 
 
Brochu, C. A. 2004. A New Late Cretaceous gavialoid crocodylian from Eastern North 
America and the phylogenetic relationships of thoracosaurs. Journal of Vertebrate 
Paleontology, 24, 610- 633. 
 
Brochu, C. A. 2006. A New Miniature Horned Crocodile from the Quaternary of 
Aldabra Atoll, Western Indian Ocean. Copeia, 2006, 149- 158. 
 
Brochu, C. A. 2006. Osteology and phylogenetic signifigance of Eosuchus minor 
(Marsh, 1870) new combination, a longirostrine crocodylian from the late paleocene of 
North America. Journal of Paleontology, 80, 162- 186. 
 
Brochu, C. A. 2007. Systematics and taxonomy of Eocene tomistomine crocodylians 
from Britain and northern Europe. Palaeontology, 50, 917- 928. 
 
	 167	
Brochu, C. A. 2013. Morphology, fossils, divergence timing, and the phylogenetic 
relationships of Gavialis. Systematic Biology, 46, 479-522. 
 
Brochu, C. A. 2013. Phylogenetic relationships of Palaeogene ziphodont eusuchians 
and the status of Pristichampsus Gervais, 1853. Earth and Environmental Science 
Transactions of the Royal Society of Edinburgh, 103, 1-30. 
 
Brochu, C. A., & Storrs, G. W. 2012. A giant crocodile from the Plio-Pleistocene of 
Kenya, the phylogenetic relationships of Neogene African crocodylines, and the 
antiquity of Crocodylus in Africa. Journal of Vertebrate Palaeontology, 32, 587- 602. 
 
Brochu, C. A., & Storrs, G. W. 2012. A giant crocodile from the Plio-Pleistocene of 
Kenya, the phylogenetic relationships of Neogene African crocodylines, and the 
antiquity of Crocodylus in Africa. Journal of Vertebrate Paleontology, 32, 587-602. 
 
Brocklehurst, N., Kammerer, C. F. & Fröbisch, J. 2013. The evolution of synapsids, 
and the influence of sampling on their fossil record. Paleobiology, 39, 470-490. 
 
Brocklehusrt, N. 2015. A simulation-based examination of residual diversity estimates 
as a method of correcting for sampling bias. Palaeontologia Electronica, 1-15. 
 
Brommer, J. E., Hanski, I. K., Kekkonen, J. & Väisänen, R. A. 2014. Size 
differentiation in Finnish house sparrows follows Bergmann's rule with evidence of 
local adaptation. Journal of Evolutionary Biology, 27, 737-747. 
 
Bronzati, M., Montefeltro, F. C. & Langer, M. C. 2012. A species-level supertree of 
Crocodyliformes. Historical Biology, 24, 598-606. 
 
Bronzati, M., Montefeltro, F. C., & Langer, M. C. 2015. Diversification events and 
the effects of mass extinctions on Crocodyliformes evolutionary history. Royal Society 
Open Science, 2, 140385. 
 
Brown, J. H., & Maurer, B. A. 1986. Body size, ecological dominance and Cope's 
	 168	
rule. Nature, 324, 248-250. 
 
Brusatte, S. L. & Carr, T.D. 2016. The phylogeny and evolutionary history of 
tyrannosaurid dinosaurs. Scientific Reports, 6, 20252. 
 
Button, D. J., Lloyd, G. T., Ezcurra, M.D. & Butler, R. J. 2017. Mass extinctions 
drove increased global faunal cosmopolitanism on the supercontinent Pangea. Nature 
Communications, 8, 1-8. 
 
Cau, A. & Fanti, F. 2011. The oldest known metriorhynchid from the Middle Jurassic 
of North-eastern Italy. Gondwana Research, 19, 550-565. 
 
Cau, A., & Fanti, F. 2011. The oldest known metriorhynchid from the Middle Jurassic 
of North-eastern Italy. Gondwana Research, 19, 550- 565. 
 
Clark, J. M. 1994. Patterns of evolution in Mesozoic Crocodyliformes. In the Shadow 
of Dinosaurs. Cambridge: Cambridge University, 84-97. 
 
Clark, J. M., & Sues, H.-D. 2002. Two new basal crocodylomorph archosaurus from 
the Lower Jurassic and the monophyly of the Sphenosuchia. Zoological Journal of the 
Linnean Society, 136, 77-95. 
 
Clark, J. M., Xing, X., Forster, C. A. & Wang, Y. 2004. A Middle Jurassic 
‘sphenosuchian’ from China and the origin of the crocodylian skull. Nature, 430, 1021-
1024. 
 
Cleary, T. J., Moon, B. C., Dunhill, A. M., & Benton, M. J. 2016. The fossil record 
of ichthyosaurs, completeness metrics and sampling biases. Palaeontology, 58, 521-
536. 
 
Colbert, E. H., & Bird, R. T. 1954. A gigantic crocodile from the Upper Cretaceous 
beds of Texas. American Museum Novitates, 1688, 1–22. 
 
	 169	
Conrad, J. L., Jenkins, K., Lehmann, T., Manthi, F. K., Peppe, D. J., Nightingal, 
S., Cossette, A., Dunsworth, H. M., Harcourt-Smith, W. E. H. and Mcnulty, P. 
2013. New speciemens of ‘Crocodylus’ pigotti (Crocodylidae) from Rusinga Island, 
Kenya and generic reallocation of the species. Journal of Vertebrate Paleontology, 33, 
629-646. 
 
Cooper, N., & Purvis, A. 2010. Body size evolution in mammals: complexity in tempo 
and mode. The American Naturalist, 175, 727-738. 
 
Cooper, N., Thomas, G. H., Venditti, C., Meade, A., & Freckleton, R. P. 2016. A 
cautionary note on the use of Ornstein Uhlenbeck models in macroevolutionary studies. 
Biological Journal of the Linnean Society, 118, 64-77. 
 
Cope, E. D. 1896. The Primary Factors of Organic Evolution. Open Court Publishing 
Companym, Chicago, 547 pp. 
 
Cott, H. B. 1961. Scientific results of an inquiry into the ecology and economic status 
of the Nile crocodile (Crocodilus niloticus) in Uganda and northern Rhodesia. Journal 
of Zoology, 29, 211-356. 
 
CrocBITE: worldwide crocodilian attack database. 2017. www.crocodile-
attack.info/. 
 
Daly, T., Joseph, M., Williams, L. A. & Buffenstien, R. 1997. Catecholaminergic 
innervation of interscapular brown adipose tissue in the naked mole-rat (Hereocephalus 
glaber). Journal of Anatomy, 190, 321-326. 
 
Delfino, M., & de Vos, J. 2010. A revision of the Dubois crocodylians, Gavialis 
bengawanicus and Crocodylus ossifragus, from the Pleistocene Homo erectus beds of 
Java. Journal of Vertebrate Paleontology, 30, 427- 441. 
 
Delfino, M., Martin, J. E. and Buffetaut, E. 2008. A new species of Acynodon 
(Crocodylia) from the Upper Cretaceous (Santonian-Campanian) of Villaggio del 
	 170	
Pescatore, Italy. Palaeontology, 51, 1091-1106. 
 
Dembo, M., Matzke, N. J., Mooers, A. & Collard, M. 2015. Bayesian analysis of a 
morphological supermatrix sheds light on controversial fossil hominin relationships. 
Proceedings of the Royal Society Biological Sciences, 282, e20150943. 
 
Dunhill, A. M., Benton, M. J., Twitchett, R. J. & Newell, A. J. 2012. Completeness 
of the fossil record and the validity of sampling proxies at outcrop level. 
Palaeontology, 55, 1155-1175. 
 
Eaton, M. J., Martin, A., Thorbjarnarson, J. & Amato, G. 2009. Species-level 
diversification of African dwarf crocodiles (Genus Osteolaemus): A geographic and 
phylogenetic perspective. Molecular Phylogenetics and Evolution, 50, 496-506. 
 
Erwin, D. H. 2007. Disparity: morphological pattern and developmental context. 
Palaeontology, 50, 57-73. 
 
Ezard, H. G., Quental, T. B. & Benton, M. J. 2016. Challenges to inferring the 
regulators of biodiversity in deep time. Philosophical Transactions of the Royal Society 
B, 371, 20150216. 
 
Fanti, F., Nutasguta, T., Cantelli, L., Mnasri, F., Dridi, J., Contessi, M., & Cau, A. 
2016. The largest thalattosuchian (Crocodylomorpha) supports teleosaurid survival 
across the Jurassic-Cretaceous boundary. Cretaceous Research, 61, 263-274. 
 
Faulkner, R. O. 1985. The ancient Egyptian book of the dead. British Museum press. 
 
Felsenstein, J. 1985. Phylogenies and the comparative method. Evolution, 125,  1-15. 
 
Foffa, D., Young, M. T., Brusatte, S. L., Graham, M. R. & Steel, L. 2017. A new 
metriorhynchid crocodylomorph from the Oxford Clay Formation (Middle Jurassic) of 
England, with implications for the origin and diversification of the Geosaurini. Journal 
of Systematic Palaeontology, 1-21. 
	 171	
 
Foote, M. 1993. Discordances and concordance between morphological and taxonomic 
diversity. Paleobiology, 19, 185-204. 
 
Foote, M. 1994. Morphological disparity in Ordovician-Devonian crinoids and the 
early saturation of morphological space. Paleobiology, 20, 320-344. 
 
Foote, M. 1995. Morphological diversification of Paleozoic crinoids. Paleobiology, 21, 
273-299. 
 
Foote, M. 1996. Models of morphological diversification. Evolutionary Paleobiology, 
University of Chicago press, ch. 4, 62-86. 
 
Foote, M. & Gould, S. J. 1992. Cambrian and Recent morphological disparity. Science 
258, 1816. 
 
Forster, P. G. 2004. Modeling compositional heterogeneity. Systematic Biology, 53, 
485-495. 
 
Fortier, D. C. and Schultz, C. L. 2002. A new neosuchian crocodylomorph 
(Crocodyliformes, Mesoeucrocodylia) from the early Cretaceous of north-east Brazil. 
Palaeontology, 52, 991-1007. 
 
Gasparini, Z., Pol, D. & Spaletti, L. A. 2006. An unusual marine crocodyliform from 
the Jurassic-Cretaceous boundary of Patagonia. Science, 311, 70-73. 
 
Gatesy, J., Amato, G., Norell, M., DeSalle, R. & Hayashi, C.  2003. Combined 
Support for Wholesale Taxic Atavism in Gavialine Crocodylians. Systematic Biology, 
52, 403-422. 
 
Gatesy, J., Matthee, C., DeSalle, R. & Hayashi, C. 2004. Resolution of a 
Supertree/Supermatrix paradox. Systematic Biology, 51, 652-664. 
 
Gharial Conservation Alliance. 2017. www.gharialconservationalliance.org/ 
	 172	
 
Gilks, W. R., Richardson, S., & Spiegelhalter, NA. Spiegelhalter. 1996. Markov 
Chain Monte Carlo in Practice. Chapman & Hall, London, 508 pp. 
 
Godefroit, P., Sinitsa, S. M., Dhouailly, D., Bolotsky, Y. L., Sizov, A. V., 
McNamara, M. E., Benton, M. J. & Spagna, P. 2014. A Jurassic ornithischian 
dinosaur from Siberia with both feathers and scales. Science, 345, 451-455. 
 
Goloboff, P. A. 1999. Analysing large datasets in reasonable times: solutions for 
composite optima. Cladistics, 15, 415-428. 
 
Goloboff, P.A. & Catalano, S. A. 2016, TNT version 1.5, including a full 
implementation of phylogenetic morphometrics. Cladistics, 32, 221-238. 
 
Gómez, J. M., Verdu, M., González-Megías, A. & Méndez, M. 2016. The 
phylogenetic roots of human lethal violence. Nature, 538, 233-237. 
 
Gould, S. J. 1997. Cope's rule as psychological artefact. Nature, 385, 199-200. 
 
Gould, S. J., & Eldridge, N. 1972. Punctuated equilibria: an alternative to phyletic 
gradualism. In: Schopf, J. M. (ed.) Models in Paleobiology. Freeman Cooper & 
Compoany, San Francisco, pp. 82-115. 
 
Grigg, G. 2015. Biology and evolution of the crocodylians. Csiro Publishing. 
 
Halliday, T. J. D., Andrade, M. B., Benton, M. J. and Efimov, M. B. 2015. A re-
evaluation of goniopholidid crocodylomorph material from central Asia: biogeographic 
and phylogenetic implications. Acta Palaeontologica Polonica, 60, 291-312. 
 
Hammer, Ø., Harper, D. A. T. & Ryan, P. D. 2001. Past: Paleontological statistics 
software package for education and data analysis. Palaeontologia Electronica, 4, 4-9. 
 
Hanisdal, B., Haaga, K. A., Reitan, T., Diego, D. & Liow, L. H. 2017. Common 
	 173	
species link global ecosystems to climate change: dynamical evidence in the planktonic 
fossil record.  Proceedings of the Royal Society Biological Sciences, 284, 20170722. 
 
Harmon, L., & Slater, G. Brown, J., Weir, J., Brock, C., Glor, R., Wendell, C., 
Hunt, G., Fitzjohnson, R. & Pennell, M. 2015. Geiger. Analysis of Evolutionary 
Diversification, Vers 2.0.6. 
 
Harvey, P. H. & Pagel, M. D. The Comparative Method in Evolutionary Biology. 
Oxford University Press, 1991. 
 
Hastings, A. K., Bloch, J. I., Jaramillo, C. A., Rincon, A. F. and MacFadden, B. J. 
2013. Systematics and biogeography of crocodylians from the Miocene of Panama. 
Journal of Vertebrate Paleontology, 33, 239-263. 
 
Hekkala, E., Shirley, M. H., Amato, G., Austin, J. D., Charte, S., Thorbjarnarson, 
J., Vliet, K. A., Houck, M. L., Desalle, R. & Blum, M. J. 2011. An ancient icon 
reveals new mysteries: mummy DNA resurrects a cryptic species within the Nile 
crocodile. Molecular Ecology, 20, 4199-4215. 
 
Hennig, W. 1977. Phylogenetic systematics. Annual review of entomology, 10, 97-116. 
Herrera-Flores, J. A., Stubbs, T. L., & Benton, M. J. 2017. Macroevolutionary 
patterns in Rhynchocephalia: is the tuatara (Sphenodon punctatus) a living fossil? 
Palaeontology, 60, 319-328. 
 
Herrera, Y., Gasparini, Z., & Fernandez, M. S. 2013. A new Patagonian species of 
Cricosaurus (Crocodyliformes, Thalattosuchia): first evidence of Cricosaurus in 
Middle-Upper Tithonian lithographic limestone from Gondwana. Palaeontology, 56, 
663- 678. 
 
Herrera, Y., Gasparini, Z., & Fernandez, M. S. 2013. A new Patagonian species of 
Cricosaurus (Crocodyliformes, Thalattosuchia): first evidence of Cricosaurus in 




Huelsenbeck, J. P. 1991. When are fossils better than extant taxa in phylogenetic 
analysis? Systematic Zoology, 40, 458-469. 
 
Hill, R. V. 2005. Integration of morphological data sets for phylogenetic analysis of 
Amniota: the importance of integumentary characters and increased taxonomic 
sampling. Systematic Biology, 54, 530-547. 
 
Hone, D. W. & Benton, M. J. 2007. An evaluation of the phylogenetic relationships of 
the pterosaurs among archosauromorph reptiles. Journal of Systematic Palaeontology, 
5, 465-469. 
 
Hone, D. W., & Benton, M. J. 2005. Effects of large size. Trends in Ecology and 
Evolution, 1, 4-6. 
 
Hughes, M., Gerber, S. & Wills, M. A. 2013. Clades reach highest morphological 
disparity early in their evolution. Proceedings of the National Academy of Sciences, 
110, 13876-13879. 
 
International Union for Conservation of Nature (IUCN) Red list. 2017. 
www.iucnredlist.org/details/8966/0. 
 
Jablonski, D. 1997. Body-size evolution in Cretaceous molluscs and the status of 
Cope's rule. Nature, 385, 250-251. 
 
Jetz, W., Thomas, G. H., Joy, J. B., Hartmann, K., & Mooers, A. O. 2012. The 
global diversity of birds in space and time. Nature, 7424, 444–448. 
 
Ji, Q., Currie, P. J., Norell, M. A. & Ji, S. 1998. Two feathered dinosaurs from 
northeastern China. Nature, 393, 753-761. 
 
Jones, M. E., Anderson, C. L., Hipsley, C. A., MÈller, J., & Evans, S. E. 2013. 
Integration of molecules and new fossils supports a Triassic origin for Lepidosauria 
	 175	
(lizards, snakes, and tuatara). BMC Evolutionary Biology, 13, 208. 
 
Jouve, S., Iarochene, M., Bouya, B. & Amaghzaz, M. 2006. A new species of 
Dyrosaurus (Crocodylomorpha, Dyrosauridae) from the early Eocene of Morocco: 
phylogenetic implications. Zoological Journal of the Linnean Society, 148, 603-656. 
 
Kellner, A. W. A., Wang, X., Tischlinger, H., Campos, D., Hone, D. W. E. & Meng, 
X. 2009. The soft tissue of Jeholopterus (Pterosauria, Anurognathidae, 
Batrachognathinae) and the structure of the pterosaur wing membrane. Proceedings of 
the Royal Society Biological Sciences, 277, 321-329. 
 
LaBarbera, M. 1989. Analyzing body size as a factor in ecology and evolution. 
Annual Reviews of Ecology, Evolution, and Systematics, 20, 97-117. 
 
Lane, A., Janis, C. M., & Sepkoski, J. J. 2005. Estimating paleodiversities: a test of 
the taxic and phylogenetic methods. Paleobiology, 31, 21-34. 
 
Le Guyader, H. 1998. Geoffroy Saint-Hilaire a visionary naturalist. Translated by M. 
Grene. Chicago University press Ltd. 
 
Lear, C. H., Elderfield, H. & Wilson, P. A. 2000. Cenozoic deep-sea temperatures 
and global ice volumes from Mg/Ca in benthic foraminiferal calcite. Science, 287, 269-
272. 
 
Leardi, J. M. & Pol, D., 2009. The first crocodyliform from the Chubut Group 
(Chubut Province, Argentina) and its phylogenetic position within basal 
Mesoeucrocodylia. Cretaceous Research, 30, 1376-1387. 
 
Legagneux, P., Gauthier, G., Berteaux, D., Bêty, J., Cadieux, M. C., Bilodeau, F., 
Bolduc, E., McKinnon, L., Tarroux, A., Therrien, J. F., Morissette, L. & Krebs, J. 
C. 2012. Disentangling trophic relationships in a High Arctic tundra ecosystem through 
food web modelling. Ecology, 93, 1707-1716. 
 
	 176	
Lewis, P. O. 2001. A likelihood approach to estimating phylogeny from discrete 
morphological character data. Systematic Biology, 50, 913-925. 
 
Linares, O. J. & Paolillo, A. 2007. Nuevos cocodrilos sebecosuchia del cenozoico 
suramericano (Mesosuchia, Crocodylia). Paleobiologia Neotropical, 3, 1-25. 
 
Lloyd, G. T., Bapst, D. W., Friedman, M., & Davis, K.E. 2016. Probabilistic 
divergence time estimation without branch lengths: dating the origins of dinosaurs, 
avian flight and grown birds. Biology letters, 12, 20160609. 
 
Lloyd, G. T., Davis, K. E., Pisani, D., Tarver, J. E., Ruta, M., Sakamoto, M., Hone, 
D. W. E., Jennings, R. & Benton, M. J. 2008. Dinosaurs and the Cretaceous 
Terrestrial Revolution. Proceedings of the Royal Society Biological Sciences, 275, 
2483-2490. 
 
Lyell, C. 1837. Principles of Geology. John Murray, London. 
 
Maddison, W. P. & Maddison, D. R. 2015. Mesquite: a modular system for 
evolutionary analysis, Version 3.03 . http://mesquiteproject.org. 
 
Maganuco, S., Sasso, C. D. & Pasini, G. 2006. A new large predatory archosaur from 
the Middle Jurassic (Bathonian) of Madagascar. Atti della Società italiana di scienze 
naturali e del Museo civico di storia naturale di Milano, 147, 19-51. 
 
Mannion, P. D., Benson, R. B., Carrano, M. T., Tennant, J. P., Judd, J., & Butler, 
R. J. 2015. Climate constrains the evolutionary history and biodiversity of 
crocodylians. Nature Communications, 6, 8438. 
 
Mannion, P. D., Upchurch, P., Benson, R. B. J. & Goswami, A. 2013. The 
latitudinal biodiversity gradient through deep time. Trends in Ecology and Evolution, 
29, 42-50. 
 
Marinho, T. S. & Carvalho, I. S. 2008. An armadillo-like sphagesaurid crocodyliform 
	 177	
from the Late Cretaceous of Brazil. Journal of South American Earth Sciences, 27, 36-
41. 
 
Markwick, P. J. 1998. Fossil crocodilians as indicators of Late Cretaceous and 
Cenozoic climates: implications for using palaeontological data in reconstructing 
palaeoclimate. Palaeogeography, Palaeoclimateology, Palaeoecology, 137, 205-271. 
 
Marsden, W., & Wright, T. 2004. The travels of Marco Polo, the venetian (1298). 
SOAS Bulletin of Burma Research, 2, 91-99. 
 
Martin, J. E. & Buffetaut, E. 2012. The maxillary depression of Pholidosauridae: an 
anatomical study. Journal of Vertebrate Paleontology, 32, 1442-1446. 
 
Martin, J. E. & de Broin, F. de L. 2016. A miniature notosuchian with multicuspid 
teeth from the Cretaceous of Morocco. Journal of Vertebrate Palaeontology, 36, 
e1211534. 
 
Martin, J. E., Amiot, R., L_cuyer, C., & Benton, M. J. 2014. Sea surface 
temperature contributes to marine crocodylomorph evolution. Nature Communications, 
5, 4658. 
 
McMorris, F.R. & Wilkinson, M. 2011. Conservative Supertrees. Sytematic Biology, 
60, 232-238. 
 
Meredith, R. W., Hekkala, E. R., Amato, G. & Gatesy, J. 2011. A phylogenetic 
hypothesis for Crocodylus (Crocodylia) based on mitochondrial DNA: evidence for a 
trans-Atlantic voyage from Africa to the New World. Molecular Phylogenetics and 
Evolution, 60, 183-191.  
 
Meyer, E. R. 1984. Crocodilians as living fossils. Living fossils, 105-131. 
 
Molina, E., Gonzalvo, C., Ortiz, S. & Cruz, L. E. 2006. Foraminiferal turnover 
across the Eocene-Oligocene transition at Fuente Caldera, southern Spain: no cause-
	 178	
effect relationship between meteorite impacts and extinctions. Marine 
Micropalaeontology, 58, 207-286. 
 
Montefeltro, F. C., Larsson, H. C., Franca, M. A., & Langer, M. C. 2013. A new 
neosuchian with Asian affinities from the Jurassic of northeastern Brazil. 
Naturwissenschaften, 100, 1083-1089. 
 
Müller, J. & Reisz, R. R. 2006. The phylogeny of early eureptiles: comparing 
parsimony and Bayesian approaches in the investigation of a basal fossil clade. 
Systematic Biology, 55, 503-511. 
 
Murphy, P. A. 1981. Celestial compass orientation in juvenile American alligators 
(Alligator mississippiensis). Copeia, 3, 638-645. 
 
Nesbitt, S. 2007. The anatomy of Effigia okeeffeae (Archosauria, Suchia), theropod-
like convergence, and the distribution of related taxa. Bulletin of the American Museum 
of Natural History, 84. 
 
Nesbitt, S. J., Barrett, P. M., Werning, S., Sidor, C. A., & Charig, A. J. 2013. The 
oldest dinosaur? A Middle Triassic dinosauriform from Tanzania. Biology Letters, 9, 
20120949. 
 Oaks, J. R. 2011. A time-calibrated species tree of the Crocodylia reveals a recent 
radiation of the true crocodiles. Evolution, 65, 3285-3297. 
 
O’Keefe, R. R. and Wagner, P. J. 2001. Inferring and testing hypotheses of cladistic 
character dependence by using character compatibility. Systematic Biology, 50, 657-
675. 
 
O'Reilly, J. E., Puttick, M. N., Parry, L., Taner, A. R., Tarver, J. E., Fleming, J., 
Pisani, D. & Donoghue, P. C. 2016. Bayesian methods outperform parsimony but at 
the expense of precision in the estimation of phylogeny from discrete morphological 
data. Biology Letters, 12, e20160081. 
	 179	
 
Owen, R. 1854. Geology and inhabitants of the ancient world. Bradbury & Evans, 11 
Bouverie St. London. 
 
Pagel, M. 1999. Inferring the historical patterns of biological evolution. Nature, 401, 
877-884. 
 
Pagel, M., & Meade, A. 2006. Bayesian analysis of correlated evolution of discrete 
characters by reversible-jump Markov chain Monte Carlo. The American Naturalist, 
167, 808-825. 
 
Pagel, M., Venditti, C., & Meade, A. 2006. Large punctuational contribution of 
speciation to evolutionary divergence at the molecular level. Science, 314, 119-121. 
 
Pierce, S. E., Angielczyk, K. D., & Rayfield, E. J. 2009. Shape and mechanics in 
thalattosuchian (Crocodylomorpha) skulls: implications for feeding behaviour and 
niche partitioning. Journal of Anatomy, 215, 555-576. 
 
Pinheiro, A. E., Fortier, D. C., Pol, D., Campos, D. A. & Bergqvist, L. P. 2013. A 
new Eocaiman (Alligatoridae, Crocodylia) from the Itaborai Basin, Paleogene of Rio de 
Janeiro, Brazil. Historical Biology, 25, 327-337. 
 
Piras, P., Delfino, M., Favero, L., & Kotsakis, T. 2007. Phylogenetic position of the 
crocodylian Megadontosuchus arduini and tomistomine palaeobiogeography. Acta 
Palaeontologica Polonica, 52, 315- 328. 
 
Pisani, D., Yates, A. M., Langer, M. C. & Benton, M. J. 2002. A genus-level 
supertree of the Dinosauria. Proceedings of the Royal Soceity Biological Sciences, 269, 
915-921. 
 
Platt, S. G., Rainwater, T. R., Thorbjarnarson, J. B., Finger, A. G., Anderson, T . 
A., & McMurry, S. T. 2009. Size estimation, morphometrics, sex ratio, sexual size 
dimorphism, and biomass of Morelet’s crocodile in northern Belize. The Caribbean 
	 180	
Journal of Science, 45, 80-93. 
 
Pliny. 1938. Natural history. Translation by Rackham, H., Harvard University Press, 
William Heinemann Ltd. 
 
Pol, D. & Powell, J. E. 2011. A new sebecid mesoeucrocodylian form the Rio Loro 
Formation (Paleocene) of North-western Argentina. Zoological Journal of the Linnean 
Society, 163, 7-36. 
 
Pol, D. 2003. New remains of Sphagesaurus huenei (Crocodylomorpha: 
Mesoeucrocodylia) from the Late Cretaceous of Brazil. Journal of Vertebrate 
Palaeontology, 23, 817-831. 
 
Pol, D., & Gasparini, Z. 2009. Skull anatomy of Dakosaurus andiniensis 
(Thalattosuchia: Crocodylomorpha) and the phylogenetic position of Thalattosuchia. 
Journal of Systematic Palaeontology, 7, 163- 197. 
 
Pol, D., & Powell, J. E. 2011. A new sebecid mesoeucrocodylian form the Rio Loro 
Formation (Paleocene) of North-western Argentina. Zoological Journal of the Linnean 
Society, 163, 7- 36. 
 
Pontzer, H., Allen, V. & Hutchinson, J. R. 2009. Biomechanics of running indicates 
endothermy in bipedal dinosaurs. PLoS One, 4, e7783. 
 
Prieto-Márquez, A. 2010. Global phylogeny of Hadrosauridae (Dinosauria: 
Ornithopoda) using parsimony and Bayesian methods. Zoological Journal of the 
Linnean Society, 159, 435-502. 
 
Prokoph, A., Shields, G. A., & Veizer, J. 2008. Compilation and time-series analysis 
of a marine carbonate δ18O, δ13C, 87Sr/ 86Sr and δ34S database through Earth history. 
Earth-Science Reviews, 87, 113-133. 
 
Puertolas, E., Canudo, J. I., & Cruzado-Caballero, P. 2011. A new crocodylian from 
	 181	
the late Maastrichtian of Spain: Implications for the initial radiation of crocodyloids. 
PLoSONE, 20011, 1- 12. 
 
Purvis, A. 1995. A modification to Baum and Regan’s method fro combining 
phylogenetic trees. Systematic Biology, 44, 251-255. 
 
Puttick, M. N., O'Reilly, J. E., Taner, A. R., Fleming, J. F., Clark, J., Holloway, L. 
& Lozano-Fernandez, J. 2017. Uncertain-tree: discriminating among competing 
approaches to the phylogenetic analysis of phenotype data. Proceedings of the Royal 
Society B, 284, e20162290. 
 
Puttick, M. N., Thomas, G. H., & Benton, M. J. 2014. High rates of evolution 
preceded the origin of birds. Evolution, 68, 1497-1510. 
 
Pyron, R. A., Burbrink, F. T., & Wiens, J. J. 2013. A phylogeny and revised 
classificiation of Squamata, including 4161 species of lizards and snakes. BMC 
Evolutionary Biology, 13, 93. 
 
Quental, T. B. & Marshall, C. R. 2010. Diversity dynamics: molecular phylogenies 
need the fossil record. Trends in Ecology & Evolution, 28, 434-441. 
 
R Core Team. 2014. R: A language and environment for statistical computing. 
Rambaut, A., Suchard, M. A., Xie, W. & Drummond, A. J. 2003. MCMC Trace 
Analysis Tool. Tracer 1.6.1. 
 
Raup, D. M. & Sepkoski, J. J. 1982. Mass extinctions in the marine fossil record. 
Science, 215, 1501-1503. 
 
Regan, M. A. 1992. Phylogenetic inference based on matrix representation of trees. 
Molecular Phylogenetics and Evolution, 1, 53-58. 
 
Revell, L. J. 2017. Phylogenetic Tools for Comparative Biology (and Other Things) 
 
	 182	
Riff, D., & Aguilera, O. A. 2008. The world’slargest gharials Gryposuchus: 
description of G. croizati n. sp. (Crocodylia, Gavialidae) from the Upper Miocene 
Urumaco Formation, Venezuela. Paläontologischie Zeitschrift, 82, 178-195. 
 
Rogers, R. R., Krause, D. W., Rogers, K C., Rasoamiaramanana, A. H., and 
Rahantarisoa, L. 2007. Paleoenvironment and Paleoecology of  Majungasaurus 
crenatissimus (Theropoda: Abelisauridae) from the late Cretaceous of Madagascar. 
Journal of Vertebrate Palaeontology, 27, 21-31. 
 
Rogers, J. S & Swofford, D. L. 1998. A fast method for approximating maximum 
likelihoods of phylogenetic trees from nucleotide sequences. Systematic Biology, 47, 
77-89. 
 
Ron, S.R., Vallejo, A. & Asanza, E. 1998. Human influence on the wariness of 
Melanosuchus niger and Caiman crocodilus in Cuyabeno, Equador. Journal of 
Herpetology, 32, 320-324. 
 
Ronquist, F. 1996. Matrix representation of trees, redundancy and weighting. 
Systematic Biology, 45, 247-253. 
 
Ronquist, F. & Huelsenbeck, J. P. 2003. MrBayes 3: Bayesian phylogenetic inference 
under mixed models. Bionformatics, 19, 1572-1574. 
 
Roy, K. 2008. Dynamics of body size evolution. Science, 321, 1451-1452. 
 
Ruta, M., Jeffery, J. E. & Coates, M. I. 2003. A supertree of early tetrapods. 
Proceedings of the Royal Society B, 270, 2507-2516. 
 
Ruta, M., Pisani, D., Lloyd, G.T. & Benton, M. J. 2007. A supertree of the 
Temnospondyli: cladogenetic patterins in the most species-rich group of early 
tetrapods. Proceedings of the Royal Society Biological Sciences, 274, 3087-3095 
 
Salisbury, S. W., Molnar, R. E., Frey, E. & Willis, P. M. A. 2006. The origin of 
	 183	
modern crocodyliforms: new evidence from the Cretaceous of Australia. Proceedings 
of the Royal Society B, 273, 2439-2448. 
 
Salas-Gismondi, R., Flynn, J. J., Baby, P., Tejada-Lara, J. V., Wesselingh, F. P. 
and Antoine, P.-O. 2015. A Miocene hyperdiverse crocodylian community reveals 
peculiar trophic dynamics in proto-Amazonian mega-wetlands. Proceedings of the 
Royal Society of London B, 282, 20142490. 
 
Schliep, K., Potts, A. J., Morrison, D. A. & Grimm, G. W. 2017. Intertwining 
phylogenetic trees and networks. Methods in Ecology and Evolution, 8, 1212--1220. 
 
Schneider, C. A., Rasband, W. S., & Eliceiri, K. W. 2012. NIH Image to ImageJ: 25 
years of image analysis. Nature Methods, 9, 671-675. 
 
Shevenell, A. E., Kennet, J. P., & Lea, D. W. 2004. Middle Miocene Southern Ocean 
cooling and Anatrictic cryosphere expansion. Science, 305, 1766-1770. 
 
Scriven, J. J., Whitehorn, P. R., Goulson, D., & Tinsley, M. C. 2016. Bergmann's 
Body Size Rule operates in facultatively endothermic insects: evidence from a complex 
of cryptic bumblebee species. PLoS One, 11, e0163307. 
 
Sereno, P. C. & Larsson, H. C. 2009. Cretaceous Crocodyliforms from the Sahara. 
ZooKeys, 28, 1-143. 
 Sereno, P. C., Larsson, H. C., Sidor, C. A., & Gado, B. 2001. The giant 
crocodyliform Sarcosuchus from the Cretaceous of Africa. Science, 294, 1516-1519. 
 
Sereno, P. C., Sidor, C. A., Larsson, H. C. & Gado, B. 2003. A new notosuchian 
from the Early Cretaceous of Niger. Journal of Vertebrate Palaeontology, 23, 477-482. 
 
Seymour, R. S., Bennet-Stamper, C. L., Johnston, S. D., Carrier, D. R. & Grigg, G. 
C. 2004. Evidence for endothermic ancestors of crocodiles at the stem of archosaur 
evolution. Physiological and biochemical zoology, 77, 1051-1067. 
	 184	
Shirley, M. H., Vliet, K. A., Carr, A. N. & Austin, J. D. 2013. Rigorous approaches 
to species delimitation have sifnificant implications for African crocodilian systematics 
and conservation. Proceedings of the Royal Society Biological Sciences, 281, 
20132483. 
 
Simpson, G. G. 1944. Tempo and Mode in Evolution. Columbia University Press, New 
York, 217 pp. 
 
Smith, A. B. & McGowan, A. J. 2007. The shape of the Phanerozoic marine 
palaeodiversity curve: how much can be predicted from the sedimentary rock record of 
western Europe? Palaeontology, 50, 765-774. 
 
Smith, A. B. 2001. Large-scale heterogeneity of the fossil record: implications for 
Phanerozoic biodiversity studies. Philosophical Transactions of the Royal Society of 
London, 356, 351-367. 
 
Sookias, R. B., Butler, R . J., & Benson, R. B. 2012. Rise of dinosaurs reveal major 
body-size transitions are driven by passive processes of trait evolution. Proceedings of 
the Royal Society B, 279, 2180-2187. 
 
Steel, M. & Rodrigo, A. 2008. Maximum likelihood supertrees. Systematic Biology, 
57, 243-250. 
 
Stubbs, T. L., Pierce, S. E., Rayfield, E. J., & Anderson, P. S. 2013. Morphological 
and biomechanical disparity of crocodile-line archosaurs following the end-Triassic 
extinction. Proceedings of the Royal Society B, 280, -20131940. 
 
Sues, H-. D., Olsen, P. E., Carter, J. G., & Scott, D. M. 2003. A new 
crocodylomorph archosaur from the Upper Triassic of North Carolina. Journal of 
Vertebrate Paleontology, 23, 329-343. 
 
Sues, H. -D., Nesbitt, S. J., Berman, D. S. & Henrici, A. C. 2011. A late-surviving 
basal theropod dinosaur from the latest Triassic of North America. Proceedings of the 
	 185	
Royal Society B, 278, 3459–3464. 
 
Sullivan, R. M., Lucas, S. G. & Tsentas, C. 1988. Navajosuchus is Allognathosuchus. 
Journal of Herpetology, 22, 121-125. 
 
Swofford, D. L. 2003. PAUP. Phylogenetic Analysis Using Parsimony (*and Other 
Methods), Version 4. Sinauer Associates, Sunderland, Massachusetts. 
 
Tennant, J. P., Mannion, P. D. & Upchurch, P. 2016. Environmental drivers of 
crocodyliform extinction across the Jurassic/Cretaceous transition. Proceedings of the 
Royal Society Biological Sciences, 238, 20152840. 
 
Therrien, F., & Henderson, D. M. 2007. My theropod is bigger than yours— or not: 
estimating body size from skull length in theropods. Journal of Vertebrate 
Paleontology, 27, 108-115. 
 
Thomas, G. H., Cooper, N., Venditti, C., Meade, A., & Freckleton, R. P. 2014. Bias 
and measurement error in comparative analyses: a case study with the Ornstein 
Uhlenbeck model. bioRxiv, 4036. 
 
Toljagic, O., & Butler, R. J. 2013. Triassic Jurassic mass extinction as trigger for the 
Mesozoic radiation of crocodylomorphs. Biology Letters, 9, 20130095. 
 
Torres-Romero, E. J., Morales-Castilla, I., & Olalla-Tárraga, M. Á. 2016. 
Bergmann's rule in the oceans? Temperature strongly correlates with global 
interspecific patterns of body size in marine mammals. Global Ecology and 
Biogeography, 25, 1206-1215. 
 
Turner, A. H. & Pritchard, A. C. 2015. The monophyly of Susisuchidae 
(Crocodyliformes) and its phylogenetic placement in Neosuchia. PeerJ, 3, e759. 
 
Turner, A. H. & Sertich, J. W. 2010. Phylogenetic history of Simosuchus clarki 
(Crocodyliformes: Notosuchia) from the Late Cretaceous of Madagascar. Journal of 
	 186	
Vertebrate Paleontology, 30, 177-236. 
 
Turner, A. H., & Calvo, J. O. 2005. A new Sebecosuchian Crocodyliform from the 
Late Cretaceous of Patagonia. Journal of Vertebrate Paleontology, 25, 87- 98. 
 
Turner, A. H., & Sertich, J. W. 2010. Phylogenetic history of Simosuchus clarki 
(Crocodyliformes: Notosuchia) from the Late Cretaceous of Madagascar. Journal of 
Vertebrate Paleontology, 30, 177- 236. 
 
Twitchett, R. J. 2001. Incompleteness of the Permian-Triassic fossil record: a 
consequence of productivity decline? Geological Journal, 36, 341-353. 
 
Tykoski, R. S., Rowe, T. B., Ketcham, R. A., & Colbert, M. W. 2002. Calsoyasuchus 
valliceps, a new crocodyliform from the Early Jurassic Kayenta Formation of Arizona. 
Journal of Vertebrate Paleontology, 22, 593-611. 
 
Van Valen, L. 1973. A new evolutionary law. Evolutionary Theory, 1, 1-30. 
 
Verdade, L. M. 1999. Regression equations between body and head measurements in 
the Broad-snouted Caiman. Review of Brasilian Biology, 60, 469-482. 
 
Wagner, P. J. 1995. Testing evolutionary constraint hypotheses with early Paleozoic 
gastropods. Paleobiology, 21, 248-272. 
 
Walker, F. M., Dunhill, A. M., Woods, M. A., Newell, A. J. & Benton, M. J., 2017. 
Assessing sampling of the fossil record in a geographically and stratigraphically 
constrained dataset: the Chalk Group of Hampshire, southern UK. Journal of the 
Geological Society, 174, 509-521. 
 
Waterson, A. M., Schmidt, D. N., Valdes, P. J., Holroyd, A., Nicholson, D. B., 
Farnsworth, A. & Barrett, P. M. 2016. Modelling the climatic nich of turtles: a deep 
time perspective. Proceedings of the Royal Society Biological Sciences, 283, 20161408. 
 
	 187	
Webb, G. J. W. 1979. The heart of crocodilians and an hypothesis on the completion 
of the interventricular septum of crocodilians and birds. Comparative Cardiac anatomy 
of the Reptilia, Journal of Morphology, 161, 221-240. 
 
Weins, J. J. 2006. Missing data and the design of phylogenetic analyses, Journal of 
Biomedical Informatics, 39, 34-42. 
 
Wignall, P. B., & Benton, M. J. 1999. Lazarus taxa and fossil abundance at times of 
biotic crisis. Journal of the Geological Society, 156, 453-456. 
 
Wilberg, E. W. 2017. Investigating patterns of crocodyliform cranial disparity through 
the Mesozoic and Cenozoic. Zoological Journal of the LInnean Society, 181, 189-208. 
 
Wilkinson, M., Cotton, J. A., Creevey, C., Eulenstein, O., Harris, S. R., Lapointe, 
F-J., Levasseur, C., Mcinerney, J. O., Pisani, D. & Thorley, J. 2005. The shape of 
supertrees to come: tree shape relatied properties of fourteen supertree methods. 
Systematic Biology, 54, 419-431. 
 
Willis, P.B. 1993. Trilophosuchus rackhami, a new crocodilian from the early Miocene 
limestones of Riversleigh, northwestern Queensland. Journal of Vertebrate 
Paleontology, 13, 90-98. 
 
Wills, M. A., Briggs, D. E. G. & Fortey. R. A. 1994. Disparity as an evolutionary 
index: a comparison between Cambrian and recent arthropods. Paleobiology, 20, 93-
130. 
 
Wills, M. A. 1998. Crustacean disparity through the Phanerozoic: comparing 
morphological and stratigraphic data. Biological Journal of the Linnean Society, 65, 
455-500. 
 
Wright, A. M. & Hillis, D. M. 2014. Bayesian analysis using a simple likelihood 
model outperforms parsimony for estimation of phylogeny from discrete morphological 
data. PLoS One, 9, e109210. 
	 188	
 
Wu, X-. C., Russell, A. P. & Cumbaa, S. L. 2001. Terminonaris (Archosauria: 
Crocodyliformes): new material from Saskatchewan, Canada, and comments on its 
phylogenetic relationships. Journal of Vertebrate Palaeontology, 21, 492-514. 
 
Wu, X. C., & Chatterjee, S. 1993. Dibothrosuchus elaphros, a crocodylomorph from 
the Lower Jurassic of China and the phylogeny of the Sphenosuchia. Journal of 
Vertebrate Paleontology, 13, 58-89. 
 
Xu, X., Norell, M. A., Kuang, X., Wang, X., Zhao, Q. & Jia, C. 2004. Basal 
tyrannosaurids from China and evidence for protofeathers in tyrannosaurids. Nature, 
431, 680-684. 
 
Xu, X., Zhou, Z., Wang, X., Kuang, X., Zhang, F. & Du, X. 2003. Four-winged 
dinosaurs from China. Nature, 421, 335-340. 
 
Young, M. T. & Andrade, M. B. 2009. What is Geosaurus? Redescription of 
Geosaurus giganteus (Thalattosuchia: Metriorhynchidae) from the Upper Jurassic of 
Bayern, German. Zoological Journal of the Linnean Society, 157, 551-585. 
 
Young, M. T., & Andrade, M. B. 2009. What is Geosaurus? Redescription of 
Geosaurus giganteus (Thalattosuchia: Metriorhynchidae) from the Upper Jurassic of 
Bayern, German. Zoological Journal of the Linnean Society, 157, 551- 585. 
 
Young, M. T., Andrade, M. B., Brusatte, S. L., Sakamoto, M. & Liston, J. 2013. 
The oldest known metriorhynchid super-predator: a new genus and species from the 
Middle Jurassic of England, with implications for serration and mandibular evolution in 
predacious clades. Journal of Systematic Palaeontology, 11, 475-513. 
 
Young, M. T., Bell, M. A. & Brusatte, S. L. 2011. Craniofacial form and function in 
Metriorhynchidae (Crocodylomorpha: Thalattosuchia): modelling phenotypic evolution 
with maximum likelihood methods. Biology Letters, 7, 913-916. 
 
	 189	
Young, M. T., Bell, M. A., & Brusatte, S. L. 2011. Craniofacial form and function in 
Metriorhynchidae (Crocodylomorpha: Thalattosuchia): modelling phenotypic evolution 
with maximum likelihood methods. Biology Letters, 7, 913- 916. 
 
Young, M. T., Brusatte, S. L., Andrade, M. B., Desojo, J. B., Beatty, B. L., Steel, 
L., Fernández, M. S., Sakamoto, M., Ruiz-Omeñaca, J. I. & Schoch, R. R. 2012. 
The cranial osteology and feeding ecology of the metriorhynchid crocodylomorph 
genera Dakosaurus and Plesiosuchus from the Late Jurassic of Europe. PLoS One, 7, 
e44985. 
 
Zaher, H., Pol, D., Carvalho, A. B., Riccomini, C., Campos, D. & Nava, W. 2006. 
Redescription of the cranial morphology of Mariliasuchus amarali, and Its 
phylogenetic affinities (Crocodyliformes, Notosuchia). American Museum Novitates, 
3512, 1-40. 
 
Zanno, L. E., & Makovicky, P. J. 2013. No evidence for directional evolution of body 
mass in herbivorous theropod dinosaurs. Proceedings of the Royal Society B, 280, 
20122526. 
 
Zheng, X., You, H., Xing, X. & Dong, Z. 2009. An Early Cretaceous 
















Figure S1. Matrix representation parsimony supertree of the Crocodylomorpha. The 
sampled treespace is represented here by a strict consensus of the 92 most 




Figure S2. Matrix representation parsimony supertree of the Crocodylomorpha. The 
sampled treespace is represented here by a strict consensus of the 97 most 
parsimonious trees recovered by a New Technology search using TNT. The crown-
group topology has been constrained to a topology estimated from analysis of 




Figure S3. Maximum parsimony supermatrix tree of the Crocodylomorpha. The 
sampled treespace is represented here by a strict consensus of the 95 most 




Figure S4. Maximum parsimony supermatrix tree of the Crocodylomorpha. The 
sampled treespace is represented here by a strict consensus of the 93 most 
parsimonious trees recovered by a New Technology search using TNT. The crown-
group topology has been constrained to a topology estimated from analysis of 
molecular data (See main text).  
 
 
 
 
 
